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 Significant amount of time spent in waiting lines by people, products, 
transportation equipment, etc.
 Providing quick service is an important aspect of quality customer 
service.
 The basis of waiting line analysis is the trade-off between the cost of 
improving service and the costs associated with making customers 
wait.
Intro to Queuing Theory 














 Waiting lines form because customers arrive at a service station faster 
than they can be served.
 Customers however, do not arrive at a constant rate nor are they 
served in an equal amount of time.
 Waiting lines are continually increasing and decreasing in length and in 
the long run approach an average customer arrival rate and an average 
service time.
Intro to Queuing Theory (Cont’d) 
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 Customer arrival rate and service time are used to compute the 
operating characteristics of the system.
 Operating characteristics of waiting line systems:
̶ Average number of customers in the waiting line
̶ Average number of customers in the system
̶ Average time customers spend in the waiting line
̶ Average time customers spend in the system
̶ Probability of zero customers in the system
̶ Probability of exactly n customers in the system
 Components of a waiting line system include arrival of customers and 
servers.
 Factors to consider in analysis of waiting line systems: 
̶ The queue discipline (FIFO, etc.)
̶ The nature of the calling population (Finite or infinite)
̶ Size of waiting line (Finite or infinite)
̶ Number of servers
̶ The arrival and service rates
̶ Physical arrangement of waiting line
Intro to Queuing Theory (Cont’d) 
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 Common models of queuing systems:
̶ Single-server waiting line system
̶ Multiple-server waiting line system
̶ Undefined and constant service times
̶ Finite queue length
̶ Finite calling population
 Assumptions of waiting line analysis: 
̶ Poison arrival rate
̶ Exponential service rate
 Symbols:
  = the arrival rate (average number of arrivals/time period)
  = the service rate (average number served/time period)
 C = Number of servers
Intro to Queuing Theory (Cont’d) 
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 Management of the waiting line system of the CBP facility at the
Chicago O'Hare airport is a complex process……
̶ Numerous international flights arrive throughout the day
̶ Arrival rate of customers (travelers) varies constantly during the day
̶ More than 250 passengers can arrive in a single flight
̶ CBP officers added as needed to better serve arriving travelers
̶ Arrangement of waiting lines modified (randomly – for the most part) as needed
to accommodate more travelers in the waiting area
 No evidence of application of Queuing Theory in management of
waiting line system.
Statement of Problem
CBP = US Customs and Border Protection
Statement of Problem (Cont’d)
http://www.cbp.gov
Statement of Problem (Cont’d)
http://www.easysentry.com
Purpose of Work
 Modeling and analysis, using Queuing Theory, of the CBP waiting area
of the Chicago O’Hare International airport in order to evaluate, in
terms of waiting time, the level of service provided by CBP officers.
 Develop recommendations to configure and operate the CBP area of
the Chicago O’Hare International airport in order to maximize the flow
of travelers, reduce waiting time, and enforce security procedures.
Physical Arrangement of Waiting Line 
 MS Excel used to build and run simulation model.
 2015 actual O’Hare international flight data (http://awt.cbp.gov/) ,
which refers to CBP’s Airport Wait Times (AWT).
 Based on the AWT data, a random hour of flight arrivals is simulated.
 Peak hours were the main focus of the study.
 A probability distribution is used to determine the number of flights
arriving during that hour.
 A probability distribution and the AWT data are used to determine the
number of passengers on each of the arriving flights, which determines
an arrival rate, λ.
MS Excel-based Computer Simulation

 Number of servers (C), is determined according to available booths,
reported in the AWT data.
 A standard service rate (μ) is assumed.
 Based on arrival and service rates, the MS Excel-based simulation
process checks if travelers waiting in line will be served within an hour.
 Mean effective rate is C*μ.
MS Excel-based Computer Simulation (Cont’d)
Hours Days Wait Time (mins) Passenger Flights Booth
1400 - 1500 365 20.14 1670.8 7.89 28.9
1300 - 1400 365 15.14 1588.8 7.92 29.3
1500 - 1600 365 19.23 1498.4 7.6 28.43
1800 - 1900 365 11.9 1113.5 6.8 23.11
1700 - 1800 365 11.87 944.6 6.04 24.2
1600 - 1700 364 15.96 1159.9 6.08 28.17
1200 - 1300 363 10.29 906.2 4.72 26.2










BASED ON US CUSTOMS AND BORDER PROTECTION AWT DATA:
Average passengers arriving in Peak Hours
1211 To be used as a point of reference only - the model calculates arrival rate in passengers / hour
Average booths open during Peak Hours. Each booth has 2 servers.
26 The model assumes that 26 booths are available, with 2 servers at each booth.
Average Flights per hour during peak hours
6.41 This is used as a target for the probability of flights that land in a randomly simulated hour
Average Passengers per flight
189 This is used with probabilities to determine how many passengers are arriving / arrival rate
MS Excel-based Computer Simulation (Cont’d)
MS Excel-based Computer Simulation (Cont’d)
Demo
Variables that can be modified are the number of servers and the service rate
Current Future
λ : 733 λ : 733
c: 52 c: 70
μ : 20 μ : 20
Service rate : μ * c = 1040 Service rate : μ * c = 1400
The processing time will still be 3 mins / passengers in the future state , increasing the
number of servers will improve the overall service rate by 360 passengers / hr., reduce
time spend in waiting line, and size of waiting line.
Sensitivity Analysis
 Fully incorporate Queuing Theory – based formulas into the MS Excel 
– based computer simulation worksheet.
 Run simulation & compare results with CBP’s AWT data.
 Expand model as needed.
 Publish results.
Future Work
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